A model of human microvascular exchange.
A compartmental model consisting of the circulation, a general interstitium, and the lymphatics, is formulated to describe the transport and distribution of fluid and plasma proteins (albumin) in the human microvascular exchange system. Transcapillary mass exchange is assumed to occur via a coupled Starling mechanism. Unknown or poorly quantified model parameters are estimated by statistical fitting of simulation predictions to five different sets of experimental data. The data consist of steady-state and transient plasma and interstitial volumes and colloid osmotic pressures measured under laboratory or clinical conditions for normal humans and for patients with nephrotic syndrome or mild heart disease. In all cases, it is assumed that the system response to perturbations imposed either artificially or through illness is due to changes in the Starling driving forces. The three best-fit parameters were found to be normal capillary hydrostatic pressure, Pc,o = 11.0 mm Hg; albumin reflection coefficient, sigma = 0.99; and lymph flow sensitivity, LS = 43.1 ml/mm Hg.hr. Three other parameters, which were unknown but related to the estimated parameters through steady-state mass balance equations, were determined to be fluid filtration coefficient, KF = 121.1 ml/mm Hg.hr; albumin permeability-surface area product, PS = 73.0 ml/hr; and normal lymph flow, JL,o = 75.7 ml/hr. The fully described model was validated by comparisons between (1) simulation predictions and data used in parameter estimation, (2) estimated transport parameters and available literature values, and (3) model predictions and an additional set of experimental data.